This report describes two patients with sporadic lymphangioleiomyomatosis complicated by protein-losing enteropathy (PLE). Imaging studies indicated retroperitoneal lymphangioleiomyomas and abnormalities of the adjacent digestive tract. Endoscopic mucosal biopsy revealed colonic lymphangiectasia in one patient; whereas the site in the other patient was intestinal. Treatment with sirolimus led to the complete resolution of PLE within several months; additionally, marked shrinkage was observed in the lymphangioleiomyomas of both cases. These findings suggest that colonic or intestinal lymphatic congestion due to neighboring lymphangioleiomyomas was the mechanism for the development of PLE. At the time of writing this report, the beneficial effect of sirolimus has lasted for more than 3 years.
Introduction
Lymphangioleiomyomatosis (LAM) is a rare systemic disease that almost exclusively affects young women. It is characterized by the proliferation of abnormal smooth musclelike cells (LAM cells) in the lungs and along the axial lymphatics. Chyle leakage is a common complication of LAM. Chylous pleural effusion or peritoneal effusion occurs in 10-15% of LAM patients. Furthermore, chyluria (1) and chylous vaginal discharge (2) have been reported. When chyle leaks into the gastrointestinal lumen, protein-losing enteropathy (PLE) can develop.
PLE involves an excessive loss of serum proteins into the gastrointestinal lumen, which leads to diarrhea, edema, pleural effusion, and ascites as well as the laboratory findings of reduced concentrations of albumin, gamma-globulins (IgA, IgG, IgM, etc.), fibrinogen, transferrin, and ceruloplasmin. Intestinal lymphangiectasia, a major cause of PLE, manifests as the dilation and rupture of intestinal lymphatic vessels, causing a loss of lymphatic fluid into the lumen of the small intestine.
Although it is extremely rare, cases of PLE complicated by LAM have been reported (3, 4) . According to these reports, the etiology of PLE seems to be secondary intestinal lymphangiectasia via obstruction of the lymphatic ducts by retroperitoneal lymphangioleiomyomas; however, the exact mechanism underlying its development is unknown. Additionally, the long-term clinical course has not been described. We herein report two patients with LAM complicated by PLE, which was caused by secondary intestinal and colonic lymphangiectasia. Both were successfully treated with sirolimus in addition to conventional therapy.
Case Reports

Case 1
Patient 1 was a 39-year-old woman with sporadic LAM whose accompanying thoracic endometriosis had been treated with danazol for 10 months at our hospital. She subsequently complained of excreting a milky-colored liquid stool. The stool excretion was exacerbated by exercise and the intake of fatty food. Neither abdominal pain nor nausea was present. Her medical history included repeated episodes of right pneumothorax during menstruation, which had occurred since she was 26 years old. After undergoing videoassisted thoracoscopic surgery (VATS) at 30 years of age, she was diagnosed with thoracic endometriosis. Pneumothorax did not recur for 7 years after the initiation of norethisterone/mestranol, which was administered to treat her endometriosis. However, at 38 years of age, right pneumothorax occurred. Chest computed tomography (CT) showed thin-walled cysts scattered throughout the lungs (Fig. 1A) ; however, her pulmonary function was well-preserved (forced expiratory volume (FEV1) 103.9% of the predicted, FEV1/ forced vital capacity (FVC) 91.7%). Although the patient was diagnosed with LAM via VATS on that occasion, no findings of thoracic endometriosis were found. The aforementioned danazol treatment (instead of norethisterone/ mestranol) was initiated for endometriosis with the expectation that it may show marginal effectiveness for LAM; however, after 10 months of danazol treatment, she began excreting a milky fluid in her stool.
On physical examination, her vital signs were within the normal limits, her bilateral lung sounds were clear, the abdominal wall was soft and flat, and no pretibial pitting edema was found. No superficial lymph nodes were palpable. The laboratory data revealed lymphocytopenia (white blood cell [WBC] 4,300/μL, lymphocyte 296/μL), hypoproteinemia (total protein [TP] 4.0 g/dL), hypoalbuminemia (albumin [Alb] 2.0 g/dL). The data regarding the patient's renal and liver functions, and her serum immunoglobulin G (IgG) level were within the normal limits. The patient's stool was a milky-colored liquid with some soft or loose materials (Fig. 1B) . A biochemical analysis of the stool revealed triglyceride (TG) 944 mg/dL, total cholesterol (TChol) 61 mg/dL, and α1-antitrypsin (AAT) 134 mg/dL, indicating that it was chylous. T2-weighted magnetic resonance imaging (MRI) of the pelvis depicted large retroperitoneal lymphangioleiomyomas and abnormalities of the sigmoid colon, including wall thickening and fluid collection (Fig. 1C) . Lymphatic scintigraphy showed an accumulation of radioactive substances in the pelvic lymphangioleiomyomas and their leakage into the sigmoid colon at 120 minutes after the subcutaneous injection of 99m Tc-labeled human serum albumin (HSA) into the bilateral pedal skin (Fig. 1D) . Fiberoptic colonoscopy revealed an edematous appearance of the rectal mucosa (Fig. 1E) . A pathological examination of the biopsied rectal mucosa revealed dilated lymphatic vessels in the lamina propria (Fig. 1F, G) .
According to these results, Patient 1 was diagnosed as having PLE caused by secondary lymphangiectasia with LAM, resulting in chylous stool, lymphocytopenia, hypoproteinemia and hypoalbuminemia. A fat-restricted diet and the subcutaneous injection of a gonadotropin-releasing hormone analogue (GnRH), leuprorelin acetate (1.88 mg, every four weeks), was initiated instead of danazol. However, her chylous stool remained at 6 months after the initiation of GnRH therapy. Accordingly, we decided to start the off-label use of sirolimus (1 mg/day; the trough level at 1 month was 1.8 ng/mL). The effect of sirolimus was remarkable; the chylous stool disappeared within 3 months, and her lymphocytopenia, hypoproteinemia, and hypoalbuminemia completely resolved within 6 months. The fat-restricted diet and GnRH therapy were stopped at 6 months after the initiation of sirolimus. Pelvic (T2-weighted) MRI at 2 years after the initiation of treatment showed the marked shrinkage of the pelvic lymphangioleiomyomas, while sigmoid colon appeared normal; the previous interior fluid collection had disappeared ( Fig. 1H ). At the time of writing this report (approximately 31/2 years after the initiation of sirolimus treatment), sirolimus (1 mg/day) remains effective. Regarding the adverse events of sirolimus treatment, the patient experienced oral mucositis (grade 1) transiently during the first several months of sirolimus use.
Case 2
Patient 2 was a 29-year-old woman who presented with bilateral leg edema. Huge intra-abdominal cystic tumors accompanying hypoproteinemia (TP 4.5 g/dL) and hypoalbuminemia (Alb 2.9 g/dL) were noted. She underwent surgical resection of the tumors after a diagnosis of suspected pseudomyxoma peritonei, which eventually resulted in the diagnosis of LAM. Her hypoproteinemia and leg edema were transiently ameliorated (TP 7.1 g/dL and Alb 4.3 g/dL) after the operation. Two months later, she was referred to our hospital for the management of LAM. At that point, she was followed up with observation because the cystic lesions of her lung were mild.
However, hypoproteinemia and hypoalbuminemia reappeared together with leg edema at one year (TP 3.5-4.5 g/dL and Alb 1.9-3.0 g/dL), along with lymphocytopenia (190-306/μL) and a decreased IgG level (110-199 mg/dL) in serum. Her liver function and the results of a urinalysis were normal. The use of diuretics and manual lymphatic drainage were attempted, however, the effects were marginal. At 32 years of age, she was admitted to our hospital for further examination. The stool appearance was normal, but a biochemical analysis revealed an elevated level of AAT (217 mg/dL). Chest CT showed a small number of thin-walled cysts in both lung fields ( Fig. 2A) . Abdominal MRI (T2-weighted imaging) revealed multiple cystic lesions around the upper pole of the right kidney, duodenal wall thickening, (Fig. 2B) . Upon lymphatic scintigraphy, the accumulation of the injected label was present in an area corresponding to that in the MRI as well as staining of the left subclavian area were observed at 5 minutes after subcutaneous injection of radio-labeled HSA, indicating normal lymphatic flow in the axial lymphatics. However, the marked accumulation of radioactivity in the central area of the abdomen, suggesting lymphatic leakage into the intes- (Fig. 2C) . Proteinlosing scintigraphy (intravenous injection of 99m Tc-labeled HSA) showed no leakage into the intestine at either 5 minutes or 120 minutes after the injection (Fig. 2D) . Fiberoptic gastroendoscopy revealed multiple whitish granules on the mucosal wall of the second portion of the duodenum (Fig. 2E) . The pathological examination of the biopsied duodenum revealed dilated, irregularly shaped, and thin-walled lymphatic vessels in the lamina propria (Fig. 2F, G) . Based on these results, we diagnosed the patient with PLE secondary to lymphangiectasia associated with LAM.
GnRH therapy (leuprorelin acetate at 1.88 mg every four weeks) was initiated when Patient 2 was 32 years of age, resulting in a transient improvement (TP 6.0 g/dL and Alb 3.8 g/dL). However, this improvement did not last, and GnRH therapy was abandoned after one year. A monthly infusion of immunoglobulin was administered for one year to prevent infection, but its trough level never increased. Sulfamethoxazole/trimethoprim (800 mg/160 mg, every other day) was also initiated to prevent pneumocystis pneumonia. Accordingly, she was managed with a fat-restricted diet and the occasional use of diuretics until she participated in a clinical trial of sirolimus in Japan. At that point, her pulmonary function test revealed a FEV1 of 99.2% of the predicted value and an FEV1/FVC value of 85.8%. Her laboratory data were as follows: TP, 4.4 g/dL; Alb, 2.4 g/dL; IgG, 193 mg/ dL; and lymphocyte, 178/μL. The next step was treatment with sirolimus (2 mg/day; the trough level at 3 months was 5.3 ng/mL). Its effect was remarkable. Her laboratory data at 5 months were as follows: TP, 7.1 g/dL; Alb, 4.5 g/dL; IgG, 907 mg/dL; and lymphocyte, 396/μL. At this point, her fatrestricted diet and the administration of sulfamethoxazole/ trimethoprim were discontinued. After 6 months of sirolimus use, abdominal MRI showed a marked reduction in the size of her lymphangioleiomyomas, and the disappearance of the duodenal wall thickening and interior fluid collection (Fig. 2H) . These beneficial effects of sirolimus (2 mg/day) have continued over approximately 3 years of treatment. Sirolimus was well tolerated and only oral mucositis (grade 1), which spontaneously resolved within several months, was noted.
Discussion
We reported that two patients with LAM complicated by PLE were successfully treated with sirolimus in addition to conventional therapy. PLE appears to be very rare among LAM patients; to our knowledge, only two such cases had been reported. Kinoshita et al. described a 29-year-old woman with LAM and associated PLE (3). In that case, abdominal CT and lymphoscintigraphy revealed enlarged cystic lymphangioleiomyomas. Fiberoptic gastroendoscopy showed multiple whitish granules on the mucosal wall of the second portion of the duodenum, and a mucosal biopsy confirmed intestinal lymphangiectasia. Lin et al. published a similar case study of a 29-year-old woman (4) in whom abdominal CT indicated large abdominal lymphangioleiomyomas, while a duodenal mucosal biopsy revealed intestinal lymphangiectasia.
The typical endoscopic findings of intestinal lymphangiectasia include white plaques and either white-tipped or non-white villi. Ohmiya et al. noted that the white villi type (white plaques and white-tipped villi) as reflecting the pathological feature of dilated lymphatic vessels in the lamina propria, while the non-white villi type represented the dilation of the lymphatic vessels in the submucosal layer or deeper (5). In our study, Patient 2 had similar white villi, confirming the dilation of the lymphatic vessels in the lamina propria. There are few case reports of lymphangiectasia of the colon (6) (7) (8) . According to these reports, the endoscopic findings include an edematous mucosa, polyposis-like lesions and giant folds, likely duplicating the edematous mucosal changes that we reported in Patient 1. Although these endoscopic findings are sufficiently suggestive of intestinal lymphangiectasia, pathological examinations should be performed to confirm the presence of dilated lymphatics in the digestive tracts of patients with PLE (9, 10) .
The mechanisms underlying the development of intestinal lymphangiectasia are not fully understood. The condition could be primary, due to congenital lymphatic malformation, or secondary, as a consequence of impaired lymphatic flow due to a mechanical obstruction of the lymphatic vessels, cardiac disease, or portal hypertension (11) . In our two patients (as well as the preceding reports), local congestion via mechanical obstruction of the lymphatic route by lymphangioleiomyomas was the most likely cause of intestinal or colonic lymphangiectasia. Both CT and MRI showed large lymphangioleiomyomas in the pelvic retroperitoneal area (Patient 1) or around the upper pole of the right kidney (Patient 2). These lesions seemed large enough to compress the lymphatic flow from the intestine or colon to the main lymphatic trunk via the mesentery. After the initiation of sirolimus treatment, the marked shrinkage of these lymphangioleiomyomas was confirmed by CT or MRI; accordingly, PLE decreased. This result strongly suggests that the reduced size of the lymphangioleiomyomas normalized the lymphatic flow from the digestive tract to the main lymphatic trunk. It is also possible that the direct invasion and destruction of the lymphatic routes by LAM cells was involved. However, no LAM cells were detected in the duodenal or colonic biopsy specimens of our patients; thus, the explanation that proliferating LAM cells were directly involved in blocking lymphatic routes is unlikely. Alternatively, there are reports of patients with PLE caused by portal hypertension (12) . Thus, the obstruction of the portal system by lymphangioleiomyomas could be the cause of PLE. Nevertheless, in our patients, neither abdominal CT nor MRI revealed obvious the compression of the portal vein.
Interestingly, the clinical manifestations related to PLE in Patient 1 were not as severe as those in Patient 2. Patient 1 did not have hypogammaglobulinemia or leg edema. Differ-ences in the site of blocked mesenteric lymphatic collectors may be a reason for these clinical variations. The lymphatics in the digestive trunk flow into the thoracic duct via mesenteric lymphatic collectors. The severity of PLE depends on the location where mesenteric the lymphatic collectors are obstructed. That is, the blockage of the central mesenteric collectors is associated with more severe PLE in comparison to a peripheral blockage (13) . Judging from the imaging studies, the lymphangioleiomyomas in Patient 2 at the mesenteric lymphatic collectors were situated more centrally than those (the retroperitoneal pelvic region) in Patient 1, resulting in the clinical differences that were observed these two patients.
The treatment of PLE consists of the management of the underlying disease and the maintenance of a healthy nutritional status. The mainstay of nutritional therapy is a low-fat and high-protein diet with medium-chain triglyceride supplementation (14) . Some patients may require additional therapies, including octreotide, antiplasmin, corticosteroids, intravenous albumin, and immunoglobulin, or surgery if the lymphangiectasia is localized (15) . On the other hand, it has been challenging to devise treatments for the underlying disease in order to ameliorate PLE. Sirolimus, however, has proven to not only stabilize the decline of pulmonary LAM (16) but to also reduce the size of chylous effusion and to shrink lymphangioleiomyomas in LAM patients (17) . The reduction of lymphangioleiomyomas via the administration of sirolimus has been the most effective treatment strategy for our patients' PLE. Sirolimus recently proved effective for improving the condition of a patient with primary intestinal lymphangiectasia complicated with tuberous sclerosis complex in whom no obstructive lesion was evident (18) . Using lymphatic endothelial cells (LECs) derived from the mesenteric lymphatic tissue of mice, Luo et al. reported that sirolimus inhibited the cells' proliferation, motility, and lymphatic tube formation (19) , partly by downregulating their expression of VEGF receptor-3. Thus, it is possible that sirolimus corrected the lymphatic flow in our patients not only by reducing the size of their lymphangioleiomyomas but also by regulating the function of the LECs.
There is currently no consensus regarding when sirolimus treatment should be initiated for LAM patients. Formerly, in situations where LAM was complicated by PLE, Kinoshita et al. used low-fat diet therapy alone, which alleviated the patients' hypoalbuminemia and leg edema (3) . Accordingly, we think that sirolimus should be initiated once a fatrestricted diet proves to be ineffective. Based on its longterm effectiveness, sirolimus should be a candidate for further study.
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